INTRODUCTION
The international limitations imposed on utilization of meat and bone meals in animal diets, together with the increasing demand for soybean meal, may create a necessity to search for other protein sources to economically balance compound feeds. In this regard it is important to note that sunflower is the best adapted high-protein crop available in our country and that is useful to use it in animal feed as the replacement of other imported protein sources.
To meet the growing demand for protein worldwide, it is essential to improve the efficiency of conversion of proteins from feed to meat. For the animal`s point of view, the perfect protein contains a range of amino acids that are both essential and balanced in a specific manner. For each species, and probably each age or physiological state, the amino acid balance of a perfect protein may vary (1) . Therefore it is the job of the animal nutricionists to formulate the diet as close as possible to the perfect amino acid balance. Of course, an understanding of individual species requirement is a prerequisite to the attempt to supply the perfect protein.
Protein must be evaluated within the context in which they will be used. Specifically, what are the nutrient targets for the final feed, what type of grain serves as the basemix ingredient and what other sources of protein and amino acids will be utilized. When evaluated in the context of those amino acids which tend to be most limiting, soybean meal is typically superior with the exception of the sulphur bearing amino acids (methionine) relative to sunflower meal (2) . In general, soybean meal also tends to be higher in energy than the other protein meals. This is of particular importance in feeding situations were higher nutrient densities are desirable. For these reasons, soybean meal is the "standard" to which other sources of protein and amino acids must be compared. The maximum economic return for sunflower products would be to convert it to an animal feed ingredient such as soybean meal (3) .
The aim of this review is to show chemical composition and evaluate the nutritional value and efficacy of high-protein sunflower meal in broiler feeding. Our own results and a broad variety of published reports have thus been consulted.
CHEMICAL COMPOSITION OF SUNFLOWER MEAL
The chemical composition of sunflower meal depends on the variety of the seed, the processing method and the degree of dehulling or decortication. In our country the crude protein of conventional sunflower meal usualy varies between 33% and 37%. Corresponding fibre contents may range between 18% and 23%. Thus, an inverse relation is seen between the protein and fibre contents of sunflower meal. These meals are mixtures of protein containing kernel and hulls in the approximate ratios of about 60:40% (3, 4) . In other regions, protein content of sunflower meals is very often lower than 28% and fiber content is higher than 30%. They are mainly used for feeding cattle and sheep due to high hull levels. But using sunflower meal in this way is wasting of valuable proteins (5). However, some of the characteristics of sunflower meal must be considered so that the maximum benefit may be gained from this feed ingredient. Separation of the hull from the kernel is the key for improving the nutritional and commercial values of sunflower protein. Fibre content should be decreased to a minimum by dehulling during processing of the sunflower seed for oil extraction or by different fractionation procedures of sunflower meal after oil extraction based on diametrically opposed physical, chemical and electrical characteristics of the kernel and the hull. Several efficient fractionation procedures and complex systems for separating hulls from kernels and meal, rendered high yields of attractive protein fractions that contained 42-48 % crude proteins and 8-14% crude fibre were developed in our Feed Technology Department (4 -11). Our researches in that field rank amongst the top. Technological solution for the production of sunflower meal with 44% crude protein, based on the results of the research conducted by the Feed Technology Department of the Faculty of Technology in Novi Sad has been introduced and implemented in several edible oil plants. Based on this solution, from 100 kg of initial sunflower meal containing 37-38% of crude protein 35-40% of sunflower meal with 44% crude protein and 65-60% sunflower meal with 33% crude protein may be obtained (4, 5) . To describe the quality of sunflover meal, chemical composition of two conventional and one high-protein sunflower meal with 44% crude proteine in comparation to soybean meal are shown in Table 1 .
If properly processed sunflower meal has valuable protein with amino acid availability similar to that in soybean meal (12) . Unlike most other oilseed meals, sunflower meal is not known to have harmful anti-nutritional factors. The only apparent disadvantage of this feedstuff is that it contains relatively high level of fiber and low level of metabolizable energy and lysine compared to soybean meal (13) .
Feeding of fiber to broilers has generally been discouraged, primarily because of the negative effects that fiber exerts on performance and nutrient utilization (14) . This characteristic of sunflower meal may lead to bulky diets which may be a problem for young chicks, in particular, because their digestive system has a limited capacity. The density of the diet is of prime concern in terms of nutrient intake and resultant growth rate (2, 13). Inclusion of high fiber ingredients is also limited because of the poor metabolizable energy contents. True metabolizable energy contents of sunflower meal is negativly correlated with crude fiber and hull content (15) . If sunflower meal is incorporated at high inclusion rates, nutrient and energy densities of the resulting diet may be significantly diluted and growth retarded. Fats can be a good way of fortyfying the energy density of the diets (2). (12) and our own research (3, 4 ) Sunflower meal with 44% protein can be fully compared to soybean meal by its crude protein content (440:440 g/kg). But, it contains considerably smaller amounts of lysine, leucine and tyrozine than soybean meal. The concentrations of methionine, cystine and arginine are higher in sunflower meal compared to soybean meal, while those of tryptophan and valine are comparable (3, 4, 12) .
Amino acids are the building blocks of proteins. As lysine is the first limiting amino acid in sunflower meal, the growth of chicks substantially depends on its concentration in broiler diets. The strong lysine deficiency in sunflower meal must be balanced by L-lysine HCl to obtain satisfactory performance. Lysine deficiency could be compensated for by adding the lacking amount and at the same time improving the nutritive value of the sunflower protein in broiler feeding (2, 3) . The dietary lysine requirements of broilers are 1.20%, and 1.00% for starter and grower diets contain 13.4 MJ/kg metabolizable energy, respectively (1). The synthetic lysine being supplemented to sunflower meal based diets, depends on the type of ingredients, their inclusion rates and the lysine content used in the diet (16, 17, 18) . Addition of L-lysine HCl allows more flexibility in feed formulation, allowing high inclusion rates of sunflower meal. The amino acid digestibilities are reported to be 86%, 88% and 89% respectively for sunflower meal with 32%, 35%, and 37% crude protein. Similarly, protein digestibility is higher in high protein sunflower meal (19) .
SUNFLOWER MEAL IN BROILER DIETS
Decellulosed sunflower meal containing 44% or even more protein and less than 15% hull can be more widely used in poultry feeding. The comparative characteristics of protein complex in soybean and sunflower meal indicate that:
• Sunflower meal should be directed to poultry feeding and its important characteristic is high concentration of available methionine; • Sunflower and soybean meal are two sources of amino acids which complement each other very well; • Supplement L-lysine HCl can considerably improve amino acid potentiality of sunflower protein; • The suitable combination of decellulosed sunflower meal and L-lysine HCl can be nutritively comparable to the combination of soybean meal + DL methionine (3, 20, 21) . Numerous studies showed that sunflower meal can successfully replace soybean meal (from 50% to 100%) in broiler diets, provided the diets are supplemented with adequate amounts of lysine and energy (2) .
The differences in the results reported by several authors regarding the nutritive value of sunflower meal can be attributed to the differences in variety, method of processing, age of birds and feed formulation techniques employed in these studies. In broiler diets, it is recommended that only high quality decellulosed sunflower meal be used (2). 
